The Asteroid Redirect Mission (ARM) proposes to retrieve a near-Earth asteroid and position it in a lunar distant retrograde orbit (DRO) for later study, crewed exploration, and ultimately resource exploitation. During the Caltech Space Challenge, a recent workshop to design a crewed mission to a captured asteroid in a DRO, it became apparent that the asteroid's low escape velocity (< 1 cm s −1 ) would permit the escape of asteroid particles during any meaningful interaction with astronauts or robotic probes. This Note finds that up to 5% of escaped asteroid fragments will cross Earth-geosynchronous orbits and estimates the risk to satellites from particle escapes or complete disruption of a loosely bound rubble pile.
I. Introduction
The Asteroid Redirect Mission (ARM) was the result of an initial feasibility study in 2012 by the Keck Institute for Space Studies [1] , proposing to retrieve a near-Earth asteroid and position it in a stable lunar orbit for later study, crewed exploration, and ultimately resource exploitation.
The ARM is a bold concept, combining both emerging technologies and science, ranging from planetary defense to solar system formation to In-Situ Resource Utilization for crewed deep space missions. Requirements derived from expected ∆V capability and in-orbit stability dictate that a captured asteroid be placed in a Lunar distant retrograde orbit (DRO), or possibly Lunar Circulating Eccentric Orbits [2] . DROs were originally found by Hénon [3] , who referred to them as the f family, and typically encircle the L 1 and L 2 libration points. Proposed mission concepts exploiting DROs have focused on the Earth-Moon [4] and Jupiter-Europa [5] systems. The family of periodic orbits obtained in the circular restricted three body problem (CR3BP) is stable, but the stability region is immersed in a region of very unstable motion [6] . Some DROs around the Moon have been found to be stable for over 100 years, with the Sun's gravitational attraction the major external perturbation acting on the system [7] . The particular dynamics of the CR3BP has motivated recent studies on transfers to lunar DROs using ballistic capture manifold theory [8, 11] .
During the Caltech Space Challenge, a recent workshop to design a crewed mission to a captured asteroid in a DRO, it became apparent that the low escape velocity (< 1 cm s −1 ) would permit the escape of asteroid particles during any meaningful interaction with astronauts or robotic probes.
This Note addresses the likely fate of escaped asteroid fragments and estimates the risk to Earthorbiting satellites in the event of complete disruption of a loosely bound rubble pile.
II. Stability of perturbed DROs
In general, given a certain timescale, DROs possess a region of stability in phase space. Beyond this region, a perturbed particle will enter a resonance with the Moon that eventually (months to years) destabilizes the orbit. Subsequent motion is chaotic. Particles that escape the DRO enter orbits in cis-Lunar space for a period of time until they either collide with the Moon, or are ejected from the system entirely, as analysed in Section III. Table 2 . Qualitatively, the size of the stability region is similar, but the orientation and shape varies with orbital phase. The stability region grows with the Jacobi constant. In addition,
for smaller values of C the differences in the shape of the stability region across the cardinal points are more significant. across.
III. Quantifying the risk Table 1 Simulations show that the particles that get to GSO distance from the Earth do not reach low- In the event of complete asteroid disruption into small particles, an ARM design reference 500 T asteroid would put 25 T of particles inside GSOs, corresponding to a flux of 34 kg s −1 . In contrast to resonant DRO escapees, typical interplanetary cosmic dust passes through the GSO region in around 30 minutes, with a baseline flux of around 100 kg s −1 [13] . Ipso facto the catastrophic disruption of a single 5 m, 500 T asteroid would increase dust risk to satellites by more than 30%. With a mean persistence time of around a decade, a flux of only 500 kg/day of particles from asteroids in DROs will more than double the risk to satellites, necessitating the establishment of good practices for asteroid exploration and exploitation in cis-Lunar space.
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IV. Conclusions
On average we found that 5% of the particles escaping from a lunar DRO intersect geosynchronous altitude, with no immediate risk to low-Earth orbits. The incoming flux has been found to be effectively isotropic and might affect satellites in geostationary orbit (GEO) at node crossings. In 10 yrs particles have been found to intersect GEO up to 900 times, 63 times on average. A uniform flux might be expected during a 40 months period (1σ). Out-of-plane perturbations yield flux cross sections which cover 6% (1σ) of GEO. These results might serve as a statistical basis for detailed analyses of collision risk in particular cases, together with analytical studies on the propagation of fragment clouds [17] .
